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We show full control over the valley polarization and interlayer coupling in twisted double bilayer
graphene with a twist angle of 2.37◦. This intermediate angle is small enough for the layers to
couple and large enough such that they can be tuned individually. Using a dual-gated geometry
we identify and control all possible combinations of valley polarization and population of the two
bilayers. In addition, we control the coupling of the bilayers by tuning the Fermi energy through
a Lifshitz transition, where the Fermi surface topology changes. By modifying the Lifshitz transi-
tion with the displacement field, we identify combinations of Fermi surfaces relevant for correlated
physics phenomena, possibly allowing to study the interplay between correlated states and valley
polarization in the future.
I. INTRODUCTION
Twisting two graphene sheets has opened up a new
family of two-dimensional systems with strong interac-
tions. The twist leads to a superlattice, or moire´ pat-
tern, which introduces a new unit cell in both real and
reciprocal space [Fig. 1(a,b)] with remarkable effects on
the bandstructure [1]. At small twist angles, below 1◦,
the layers are coupled and the superlattice leads to in-
sulating regions with different topology [2], resulting in
topological edge channels between these regions [3]. For
angles of ∼ 1◦, flat bands arise in the coupled layers,
for both twisted bilayer graphene (TBG) [4] and twisted
double bilayer graphene (TDBG) [5–8]. The flat bands
boost many-body interactions and therefore lead to cor-
related states, such as correlated insulators and super-
conductivity. Both of these states were measured first in
TBG [9, 10] and recently in TDBG [11–13]. A twist an-
gle larger than 10◦ decouples the layers [14]. The charge
carrier wave functions are then bound to one of the two
bilayers only, and can therefore be tuned independently
using a dual-gated structure. This has been experimen-
tally observed as splitting of the charge neutrality points
of the top/bottom layer [14], and is used to engineer
a quantum spin Hall insulator [15] and to extract the
electronic thickness of graphene [16]. While the large
and small angle devices have been studied thoroughly re-
cently, the angles in between have received limited atten-
tion in experiments [17–19]. These intermediate angles
are however relevant in terms of layer tunability, since the
graphene (bi)layers change from being coupled to being
decoupled.
At an intermediate angle of ∼ 2◦, TDBG exhibits a
bandstructure resembling bilayer graphene but on a much
smaller energy scale, as shown in Fig. 1(d). This makes
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it possible to study the fermiology of the first moire´ band
experimentally, and to observe the Lifshitz transition oc-
curring at around half filling of the band for example. A
Lifshitz transition is a change in the Fermi surface topol-
ogy [20], occurring in TDBG when crossing the band
structure saddle points [m and m′ in Fig. 1(b,d)]. At
the Lifshitz transition, instabilities are predicted to lead
to formation of correlated states [21, 22], including su-
perconductive states [23]. In TBG, the van Hove singu-
larity (VHS) [24] at the m- and m′-point [17], as well as
the Lifshitz transition itself [18, 19], have been observed
experimentally. Here we extend the validity and range
of these pioneering works by adding independent control
over displacement field and density, which is crucial for
investigating the full phase diagram of TDBG.
In contrast to TBG, TDBG offers a more tunable
testbed to explore the fermiology of the first moire´ band
at intermediate twist angles. In TDBG, the displace-
ment field controls the band gaps in each of the bilay-
ers [14, 25], and the magnetic field adds a tuning knob via
the valley Zeeman splitting [26, 27]. Furthermore, using
TDBG with an intermediate twist angle combined with
a graphite bottom gate and a global top gate results in
high quality electronic transport. The density in the two
bilayers can then be tuned individually, making it ideal
to study the phase diagram of the TDBG. The different
states expected from bandstructure calculations are in-
troduced in Fig. 1(d,e), sorted by the characteristic point
in the Brioullin zone (κ, κ′ or γ) enclosed by the Fermi
surfaces. Interestingly, the κ- and κ′-states are mostly
confined to one bilayer each and therefore decoupled. By
this decoupling we mean that the layer population can
be controlled with electrostatic top/bottom gates, which
is directly connected to the control of the valley degree
of freedom. The valley polarization is perfect when the
Fermi level is tuned into the band gap at κ or κ′ by
tuning the displacement field. Carriers stemming from
the γ-points occupy all layers, i.e. the two bilayers are
coupled. The complete control over valley polarization
and interlayer coupling makes TDBG a promising plat-
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FIG. 1. (a) Schematic representation of twisted double bi-
layer graphene (TDBG), forming moire´ unit cells indicated
by the green hexagons. (b) Sketch of the Brillouin zone of
the two bilayers in TDBG (gray and black), leading to the
definition of a new Brillouin zone (green). The characteristic
points for the Brillouin zones are indicated. (c) The left panel
depicts the device measured, with TDBG (green), graphite
bottom gate Vbg (dark grey), global top gate Vtg (opaque yel-
low) and numbered Ohmic contacts (yellow). The right panel
shows an optical image of the device. (d) Lowest energy (first
moire´) valence and conduction band of TDBG with a twist
of 2.3◦, calculated using a tight binding model. The charac-
teristic points of the Brillouin zone are indicated and Fermi
contours around these points are sketched with a dotted line.
(e) Schematic representation of the calculated wave function
probability distribution over the four graphene layers for the
conduction and valence band at zero displacement field, la-
beled by the origin of their Fermi surfaces in reciprocal space.
The color represents the charge (electrons are red, holes are
blue) and the opacity the probability. For details about the
underlying calculation see the Supplemental Material [31].
form for bandstructure engineering and applications in
valleytronics [28] such as valley filters [29, 30].
Here we use high quality TDBG devices to investigate
the tunable valley polarization and interlayer coupling at
a twist angle of 2.37◦ . Using a dual-gated structure,
we map out the phase diagram by measuring Shubnikov-
de Haas (SdH) oscillations as a function of total density
and displacement field, and analyze it using a capacitance
model and bandstructure calculations. We describe the
transition between coupled and decoupled states in terms
of a Lifshitz transition. Then we analyze the Landau level
spectrum, and observe resonances periodic in the num-
ber of moire´ unit cells per flux quantum. These features
are related to the Hofstadter butterfly spectrum [32]. Fi-
nally, we study the Fermi surfaces that arise when the
displacement field modifies the Lifshitz transition, and
explore relevant conditions for correlated states.
II. DEVICE
We twist two graphene bilayers using the tear and stack
method [33], and fabricate a multi-terminal device as
shown in Fig. 1(c). The TDBG stack is sandwiched be-
tween two layers of hexagonal boron nitride (hBN). On
one side a graphite layer used as a global bottom gate
Vbg is added. The full stack is then transferred to a a
Si/SiO2 (285 nm) substrate. We define the TDBG mesa
by reactive ion etching, and evaporate Cr/Au to form
the Ohmic edge contacts [yellow in Fig. 1(c)]. Then two
layers of top gates, separated by an aluminum-oxide di-
electric, are deposited on top of the stack. A schematic
cross section of the device is shown in the Supplemen-
tal Material [31]. Throughout this manuscript we bias
the two top gates such that they together act as a single
global top gate Vtg. The sample contains three devices,
of which device 1 is used unless stated otherwise. Data
of the other devices are presented in the Supplemental
Material [31]. All measurements are performed in a dilu-
tion cryostat at a temperature of 70 mK. We use a two-
terminal voltage bias setup to obtain conductance G, or
a four-terminal current bias setup to measure the lon-
gitudinal and transverse resistance, Rxx and Rxy, both
with standard lock-in techniques. The magnetic field is
applied perpendicular to the plane of the sample.
III. CONTROLLABLE VALLEY
POLARIZATION
To study the phase diagram of our TDBG device we
present the derivative of G with respect to Vtg as a func-
tion of Vtg and Vbg at a magnetic field B = 2 T in
Fig. 2(a). For clarity we depicted the origin and direc-
tions (orange arrows) of the total density n ∝ CtgVtg +
CbgVbg and displacement field D ∝ CbgVbg − CtgVtg,
respectively, where Cx is the capacitance between the
TDBG and gate electrode x. The SdH oscillations in
Fig. 2(a) reveal two types of regions. First, regions with
a single set of SdH oscillations along constant n show
up (e.g. around Vbg, Vtg = 8 V,-10 V), implying the
existence of a single carrier gas. Second, we observe re-
gions with two sets of SdH oscillations that cross each
other (e.g. around Vbg, Vtg = 4 V,4 V). We interpret
this as having two decoupled carrier gases occupying the
two separate bilayers, one that is coupled stronger to the
top gate and one that is coupled stronger to the bottom
gate. There is an overall asymmetry with respect to the
n-axis, which is caused by a combination of the inherent
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FIG. 2. (a) The numerical derivative of the conductance G with respect to top gate voltage Vtg, measured between contacts
1 & 2 and 3 & 4 [Fig. 1(d)] shows Shubnikov-de Haas oscillations as a function of top gate Vtg and bottom gate Vbg, at a magnetic
field B = 2 T. Gate voltages used in Fig. 3(a) and Fig. 4 are plotted with the dashed black line along the diagonal and along
constant D, respectively. The dashed black boxes indicate the regions plotted in Fig. 5(a,b). The directions of the total density
n and displacement field D are displayed by the orange arrows. (b) Phase diagram of the carriers present as a function of Vtg
and Vbg. The dotted white and dashed black lines are calculated using the capacitor model discussed in Ref. [34] and the solid
black lines are sketched. The regions are colored according to the electronic states being occupied (red) or empty (blue), and
the characteristic point from which the Fermi surfaces originate. (c,d) Tight binding bandstructure calculations at zero D (c)
and D ∼ 0.4 V/nm (d). The color of the highlighted energy windows correspond to the regions indicated in (b). The energy at
which a van Hove singularity occurs EVHS at the m
′-point is highlighted by an orange arrow. See the Supplemental Material
for details on the calculations [31].
electron-hole asymmetry of TDBG [8] and the recently
described built in crystal field [14]. We sketch the differ-
ent regions of the phase diagram in Fig. 2(b). In order
to identify on which layers and valleys the carriers reside
in the different regions we compare the data to both a
capacitor model and bandstructure calculations.
The capacitor model is an electrostatic description of
the multi-layer system where the device stack is assumed
to be a series of parallel plate capacitors, influenced by
the voltages applied to Vtg and Vbg. The electron and
hole bands at the κ- and κ′-point [Fig. 2(c,d)] are mod-
eled by their quantum capacitance Cq ∝ meff in the effec-
tive mass approximation, with meff = 0.06me [34], with
me the free electron mass. For each bilayer, the open-
ing of the gap ∆D as a function of D [25] is taken into
account with D = 0.195∆D [34, 35]. Furthermore, the
total electron-hole asymmetry is added with an offset of
both gaps of 8 meV at zero D. For more details on the
capacitor model see Refs. [14, 16, 34].
The results of the model are presented as the dotted
white and dashed black lines of Fig. 2(b), which repre-
sent the coincidence of the Fermi energy EF with band
extrema of parabolic electron and hole bands at κ and
κ′. These lines separate different regions of band pop-
ulation, colored according to the electronic states being
occupied (electrons) or empty (holes), red and blue, re-
spectively. In the dark red/blue regions both κ and κ′
bands are populated, resembling the regions having two
sets of SdH oscillations with different slopes in Fig. 2(a).
The coupling [slopes in Fig. 2(a,b)] of the two carrier
gases to Vtg and Vbg differs because their wave functions
are mostly localized in separate layers [Fig. 1(e)], caus-
ing one of the two gates to be screened by the carriers
in the other layer. The light red/blue regions [see also
4Fig. 2(d)] highlight the parts where only one of the two
bands (κ or κ′) is populated due to the finite D, the de-
vice is thus completely valley polarized in these regimes.
This is in accordance to the single set of SdH oscillations
parallel to D observed in Fig. 2(a). There, the Fermi
energy EF in the other layer resides in the gap, so no
screening occurs. The grey area enclosed by the dashed
black lines represents overlap of electron and hole bands
from κ and κ′, and vice versa. This region is outside the
scope of this manuscript, but is treated in detail in [34].
Up to this point, we identified several valley polarized
(layer decoupled) states, all based on the wave function
of the carriers at κ and κ′ [Fig. 1(e)]. Electrons or holes
are present in either of the two valleys separately, both
valleys can be populated with the same carrier type, or
they can be populated with different carrier types. We
thus have full control over the valley polarization in our
TDBG device.
IV. CONTROLLABLE INTERLAYER
COUPLING
When tuning from charge neutrality to larger EF (and
n) we expect to enter a regime where the carriers at EF
encircle the γ-point [Fig. 1(d)]. The wave function of
the γ-carriers is spread over all four layers as sketched
in Fig. 1(e) and therefore the two bilayers are coupled.
Indeed, we do observe a single set of SdH oscillations in
Fig. 2(a) above a certain density threshold. Therefore,
we hypothesize that a Lifshitz transition, a change of the
Fermi surface topology, occurs along the solid black line
in Fig. 2(b).
For further understanding, the bandstructure is calcu-
lated using the tight binding method presented in the
Supplemental Material [31], where linear potentials be-
tween the layers are used to model the displacement field.
A crystal field of 0.1 V/nm is included, leading to a
total gap at zero D of ∼ 7 meV. The different carrier
regions discussed before are apparent in the bandstruc-
tures calculated at D = 0 V/nm and D ∼ 0.4 V/nm in
Fig. 2(c,d). We furthermore observe that the parabolic
band picture is limited to a Fermi energy EF of at most
half of the energy of the VHS EVHS at them
′-point. Also,
at EF = EVHS the center of the Fermi surface changes
from the κ- and κ′-point to the γ-point. The Lifshitz
transition should thus involve a change in both carrier
type and degeneracy.
In Fig. 3(a) we present the transverse resistance Rxy
as a function of B while changing n and D at the
same time, spanning the diagonal of the gate-gate map
in Fig. 2(a). We observe changes in the sign of Rxy,
and Landau level fans of the corresponding electron
and hole Fermi surfaces. The Landau fans emerging
at nonzero densities originate from the fully filled first
moire´ band. Apart from the expected change in carrier
type at the charge neutrality point (n = 0) we observe
two more sign changes, at n = −5.25× 1012 cm−2 and
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FIG. 3. (a) Transverse resistance Rxy calculated from the
measured voltage between contacts 3 & 4 with a current ap-
plied from contact 1 to 6, as a function of density n and
displacement field D, and magnetic field B. A symmetric
logarithmic color-scale is used, where the section around zero
is linearly interpolated. (b,c) Derivative of the conductance
G as a function of D and n. The dashed orange lines indicate
the connection between the measurements in (a), and (b,c).
The solid orange lines highlight a reduction of the degener-
acy by a factor 2 as |n| is increased around the same point
where the charge carrier switches sign in (a), indicated with
the orange star. (d-g) Fermi surfaces drawn in the Brillouin
zone calculated at D = 0 V/nm and energies as indicated in
Fig. 2(c). The closed surfaces are colored following Fig. 2(b).
n = 5.6× 1012 cm−2. At these densities the electron and
hole Landau fans emerging from different points (κ and
κ′, and γ, respectively) cross. Using the densities where
the Landau fans emerge and where they cross (corre-
sponding to EVHS) we estimate a twist angle of 2.3
◦, see
Supplemental Material [31]. Additionally, at the point
where Rxy changes sign, the degeneracy changes by a
factor 2 for a trace at constant D. The periodicity of
the SdH oscillations as a function of n [highlighted by
the solid orange lines in Fig. 3(b,c)] provides us with
δn = 1.9× 1011 cm−2 and δn = 3.9× 1011 cm−2, cor-
responding to degeneracies of ∼ 4 and ∼ 8, respectively,
where a degeneracy of 4 stems from the spin and valley
degrees of freedom in bilayer graphene. We thus confirm
the Lifshitz transition, where the Fermi surface changes
from two electron/hole surfaces around κ and κ′ to a
single hole/electron Fermi surface around γ.
To illustrate this, we plot the Fermi surfaces extracted
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FIG. 4. Longitudinal resistance Rxx measured in device 2
between contacts 2 & 4 while sending a current from contacts
1 to 5, as a function of n and B. The shaded areas at B = 0 T
indicate the carrier regime according to the scheme introduced
in Fig. 2(b). The yellow and orange sets of lines highlight
Landau fans, and the black line indicates a change in slope.
The green lines indicate the horizontal resonances observed.
from the band structure calculations for D = 0 in
Fig. 3(d-g). It is important to note that the Lifshitz tran-
sition separates states where the two bilayers are either
decoupled or coupled [Fig. 1(e)]. Therefore, we can tune
the system from two individually controllable bilayers to
a single four-layer system.
V. HOFSTADTER BUTTERFLY
In addition to the Landau level spectrum, a magnetic
field applied perpendicular to the sample plane offers an-
other way to probe the device once we consider the flux
penetrating the moire´ unit cell. In Fig. 4 we plot Rxx as a
function of n and B at finite D for device 2. We measure
a second device on the same sample (see Supplemental
Material [31]), since the first device broke due to an ex-
ternal power outage. We observe different Landau fans
in Fig. 4, with hole fans emerging from the κ- and κ′-
point (yellow lines), and an electron fan from the γ-point
(orange). The screening of the holes at κ and κ′, that
reside in different layers, is apparent in the bending of
the Landau fan emerging from n = 0 (black line). Where
the electron and hole fans cross, a set of horizontal reso-
nances shows up (green lines), accompanied by an overall
increase of resistance as a function of B. We hypothesize
that the latter is due to enhanced backscattering of the
counterpropagating electron and hole quantum Hall edge
channels. Note that such an increase of Rxx has not been
observed in TBG but appears to be specific for twisted
double bilayer graphene where the valley g-factor is sig-
nificant [26, 27]. The coexistence of electrons and holes
could lead to nesting of the Fermi surfaces [22], opening
an relevant parameter regime for correlated physics.
The horizontal resonances in Fig. 4 are a signature of
the Hofstadter butterfly [32, 36] caused by a combina-
tion of electric and magnetic potentials, and represent
the flux periodicity through the moire´ unit cell. A Hof-
stadter butterfly spectrum has been observed before by
aligning monolayer graphene to hBN [37–39], and re-
cently in TDBG as well [13, 40]. The oscillations are
used to estimate the unit cell area with high accuracy,
from which a twist angle of 2.37◦ is calculated. Qual-
itatively, we expect to have a homogeneous twist angle
throughout the device, since we observe the effect down
to a single flux quantum per 37 unit cells, corresponding
to an area of 34 by 34 nm. We leave the details of the
Hofstadter butterfly spectrum for future investigation.
VI. LARGE DISPLACEMENT FIELD
After studying the device in regions of increased n,
where the parabolic band picture breaks down, we now
investigate its behavior at large D, especially the regime
where the gap opened by the displacement field ∆D
reaches EVHS. In Fig. 5(a,b) we present the dependence
of the Lifshitz transition on D for both sides of the phase
diagram. The SdH oscillations in the derivative of G with
respect to Vtg, colored with the sign of Rxy, shows that
the transition moves to larger |n| for increasing |D|. We
attribute the difference between the slopes of the Lifshitz
transition in Fig. 5(a) and Fig. 5(b) to the electron-hole
asymmetry in the TDBG device. In the calculated band-
structure in Fig. 5(c), the VHSs at m′ and κ (or κ′) line
up as ∆D approaches EVHS. This affects the momentum
and energy of the saddle point at m′, and therefore in-
fluences EF (and n) of the Lifshitz transition. Since the
displacement field shifts the bands at κ and κ′ linearly,
the electron-hole asymmetry leads to the observed differ-
ence in the slope and curvature of the Lifshitz transition
as a function of D in Fig. 5(a,b).
Furthermore, in Fig. 5(a), the transition makes a sharp
turn at D ∼ 0.55 V/nm as indicated by the orange arrow,
and a single set of hole SdH oscillations appears. The
bandstructure for EVHS ∼ ∆D is presented in Fig. 2(c),
and calculations at other displacement fields are shown
in the Supplemental Material [31]. For ∆D > EVHS the
degeneracy is expected to halve, as the Fermi surface at
κ disappears. In addition to the qualitative picture, we
notice that the precise shape of the band extrema [35]
becomes relevant under these circumstances, leading to
extra Lifshitz transitions [41] and energies where both
electron and hole Fermi surfaces exist. A calculation of
such a scenario is shown in Fig. 5(d), where electrons
centered around the κ′-point and holes centered around
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FIG. 5. (a,b) The derivative of G with respect to Vtg multi-
plied by the sign of Rxy as a function of n and D at B = 2 T,
for both sides of the phase diagram in Fig. 2(a). The change
in total charge (red is electrons, blue is holes) indicates the
Lifshitz transition. In (a), the dashed orange line represent
the transition between single and two hole Fermi surfaces, and
the orange arrow indicates a region of interest. (c) Bandstruc-
ture calculation for two values of D as indicated. When ∆D
approaches EVHS the saddle point at m
′ is shifted in k and
E. (d) Fermi surface at the Fermi energy indicated in (c), for
the bandstructure of D ∼ 0.4 V/nm, colored according to the
scheme introduced in Fig. 2(b).
the κ-point coexist. The region highlighted by the orange
arrow in Fig. 5(a) might be in this regime, since it is sep-
arated from the VHS at κ′ (see dashed orange line), while
having a single set of SdH oscillations only. The combi-
nation of a VHS with a Lifshitz transition is interesting
because it brings together strong electron-electron inter-
actions and pockets of different carrier types. Therefore
this is a relevant parameter range for future investiga-
tions of correlated states, such as density wave states [22],
excitonic insulators [21] and superconductivity [23].
VII. CONCLUSION
In conclusion, we have used dual-gated TDBG with an
intermediate twist angle to demonstrate control over the
valley polarization and the interlayer coupling. The flux
periodicity up to 37 moire´ unit cells shows that the angle
is homogeneous and the valleys are well-defined through-
out the device, reducing potential (mini)-valley scatter-
ing. Using local gates to select κ-, κ′- or γ-character
states could therefore enable future engineering of valley
interferometers, or valley valves [29, 30]. Furthermore,
the tunability of the TDBG devices by out-of plane elec-
tric and magnetic fields offers possibilities for bandstruc-
ture engineering. We show that relevant conditions for
correlated physics can be reached [21–23], allowing us to
probe the interplay between valley polarization and cor-
related states in future experiments.
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9SUPPLEMENTAL MATERIAL
S1. TIGHT BINDING BANDSTRUCTURE CALCULATION
Twisted double bilayer graphene is constructed by twisting two Bernal stacked bilayers with each other. We adopt
the effective low-energy continuum model by plane wave expansion for the inner two layers, as in the twisted bilayer
graphene case [1]. When choosing the basis ψTk = (c1A(k), c1B(k), c2A(k), c2B(k), c3A(k), c3B(k), c4A(k), c4B(k)), where
1− 4 are layer indices and A,B are sublattices, the k-dependent Hamiltonian is
H(k) =

hk−K1(θ/2) t 0 0
t† hk−K2(θ/2) T 0
0 T † hk−K3(−θ/2) t
0 0 t† hk−K4(−θ/2)
 (1)
where Kj is the Dirac point of j-th layer and for twisted double bilayer graphene, K1 = K2 and K3 = K4. On
diagonal blocks,
hq(θ) = ~vF
(
0 ξeiξ(θ−θq)
ξe−iξ(θ−θq) 0
)
(2)
is the Dirac Hamiltonian rotated by θ and θq is the angle of crystal momentum q measured from the Dirac point,
where ξ = ±1 is the valley index.
The tunneling between graphene layers of Bernal stacked bilayer is denoted by t. We take
t =
(
0 0
γ1 0
)
(3)
where γ1 = 330 meV. The tunneling, T (r) = w
3∑
j=1
e−iQj ·rTj , between the inner two graphene layers is captured by
three transfer momenta Qj and their corresponding tunneling matrices Tj :
Q1 = (0,−1)θkD, Q2 = (
√
3
2
,
1
2
)θkD, Q3 = (−
√
3
2
,
1
2
)θkD (4)
T1 =
(
1 1
1 1
)
, T2 =
(
ei2pi/3 1
e−i2pi/3 ei2pi/3
)
, T3 =
(
e−i2pi/3 1
ei2pi/3 e−i2pi/3
)
(5)
where kD = 4pi/3a0 with a0 the graphene lattice constant. With good accuracy, the Hamiltonian in our model is
expanded to a cut-off moire´ reciprocal lattice vector Gc.
The different sign of the electron-hole asymmetry with respect to the data is a result of the strength of the
crystal field and the inherent electron-hole asymmetry that are both input parameters for the tight binding model.
Both can differ when taking into account the lattice deformation for example, as further discussed in Ref. [2]. This
discrepancy, however, does not change the interpretation of the data.
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S2. SUPPLEMENTAL FIGURES
(a)      κ conduction (b)    κ‘ conduction
′  
(c)      γ conduction
(f)        γ valence(e)      κ‘ valence(d)         κ valence
Supplemental Figure 1. Calculated probability distributions of the carrier wave functions residing in the conduction (a-c) and
valence (d-f) bands, for the characteristic points in the bandstructure κ, κ′ and γ. The probabilities are given for both the
layers of the tetra-layer stack and for the two sublattices A and B of each of these layers. The total occupation per layer is
used for the schematic in the main text (sublattice A+B).
5 µm
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hBN bo�om
BLG
BLG
hBN top
tg
AlOx fg
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nt
ac
ts
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ts
Device 3
Supplemental Figure 2. (a) Schematic cross section of the device, with graphite bottom gate (bg), top and bottom hexagonal
boron nitride (hBN), two graphene bilayers (BLG), fine gate (fg), aluminum-oxide (AlOx), global top gate (tg), and Ohmic
contacts sketched. (b) Optical microscope image of the full sample, including the devices measured as indicated.
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Supplemental Figure 3. Tight binding bandstructure calculations at the indicated displacement fields D. As D is increased
the occupation of κ and κ′ changes up to the point where in one of the two valleys the carrier type switches.
−15 −10 −5 0 5 10 15
Vtg (V)
−8
−4
0
4
8
V b
g 
(V
)
−8
−4
0
4
8
V b
g 
(V
)
−15 −10 −5 0 5 10 15
Vtg (V)
−10
0
−10
−1
0
10
−1
10
0
Rxy(kΩ)
dRxx/dVtg
 Device 2
(a)
(b)
(c)
(d)
 Device 3
Supplemental Figure 4. (a,c) Derivative of Rxx with respect to Vtg and (b,d) Rxy, both as a function of Vtg and Vbg measured
in device 2 and device 3, respectively. All four resistance maps show very similar behaviour to device 1 presented in the main
text. The different regimes of SdH oscillations are visible, including the changes in degeneracy, and the change of carrier and
bending of the Lifshitz transition show up. Note that device 3 was measured at 1.7 K.
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Supplemental Figure 5. We present three ways of estimating the angle of our TDBG. (a) The derivative of Rxy with respect
to Vtg as a function of n, D and B, measured in device 1 is shown. The Landau fans emerging from full filling of the first band
are highlighted with the dotted yellow lines. Based on the densities of n = 1.35 · 1013 cm−2 found, we estimate the angle to
be 2.4◦. (b) The density at which the VHS occurs in the electron band nVHS is calculated with the tight binding model for
different twist angles (blue). The orange line represents the density at which we observe the VHS (and Lifshitz transition) of
n = 5.6 · 1012 cm−2, leading to an estimated angle of 2.3◦. This angle is used in all bandstructure calculations. (c) Rxx as a
function of n plotted versus a flux quantum Φ0 divided by flux Φ through a single Moire unit cell (A = 30.5 nm
2), measured
in device 2. The periodicity of the horizontal resonances let us extract a twist angle of 2.374◦ (±0.002◦).
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